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Abstract  of  Dissertation  Presented  to  the  Graduate  Council 
in  Partial  Fulfillment  of  the  Requirements  for  the  Degree  of 

Doctor  of  Philosophy 

SOMATOSENSORY  DEFICIT  IN  THE  MONKEY 
PRODUCED  BY 

PAR  I ETO- TEMPORAL  D I SCONNECT I ON 
By 

E.  Gregory  Keating 
August,  1970 

Dr.  James  A.  Horel,  Chairman 
Department  of  Anatomical  Sciences 

The  disruption  of  the  corti co-cortical  connections  between 
the  occipital  and- temporal  lobes  has  previously  been  shown  to  pro- 
duce an  inability  to  discriminate  visually  food  from  non-food  objects 
that  is  characteristic  of  the  Kluver-Bucy  syndrome. 

The  present  experiment  proposed  to  test  whether  the  corti co- 
cortical  connections  between  the  parietal  and  temporal  lobe  formed  a 
somatosensory  system  functionally  analogous  to  the  occ i p i to-tempora I 
pathways  of  the  visual  system.  Specifically,  it  was  hypothesized 
that  disconnection  of  the  cortical  pathways  between  the  postcentral 
gyrus  and  the  temporal  lobe  would  produce  an  inability  to  distinguish 
edible  from  the  inedible  objects  on  the  basis  of  tactile  cues.  Since 
the  disconnection  was  specifically  somatosensory  no  deficits  were 
expected  to  occur  on  a second  test  in  which  the  animal  was  allowed 
to  determine  edibility  using  visual  cues. 


Four  of  the  six  rhesus  monkeys  used  in  the  study  underwent 
a series  of  three  operations  designed  to  disrupt  in  successive  stages 
the  cortical  connections  between  the  postcentral  gyrus  and  the  temporal 
lobe.  Each  of  these  three  subjects  received  the  same  three  lesions 
but  in  different  order:  unilateral  ablation  of  the  postcentral  gyrus, 

contralateral  temporal  lobectomy,  and  section  of  the  forebrain  commis- 
sures. In  all  four  animals  this  par i eto-tempora I disconnection  produced 
a temporary  inability  to  distinguish  a piece  of  monkey  chow  from  a 
steel  bolt  using  tactile  cues.  The  design  of  the  experiment  prevents 
explaining  the  deficit  as  a result  of  generalized  surgical  trauma, 
or  the  effects  of  any  single,  or  any  two  operations,  but  points  to 
the  disconnection  between  the  postcentral  gyrus  and  the  temporal  lobe 
as  being  responsible  for  the  deficit.  The  par i eto-tempora I disconnec- 
tion in  general  did  not  produce  visual  deficits  or  changes  in  emotional 
respons i veness . 

To  compare  the  par i eto-tempora I disconnection  to  a less 
modality  — specific  interruption  of  temporal  lobe  structures  bi- 
lateral temporal  lobectomies  were  carried  out  in  two  control  subjects. 
This  bilateral  lesion  also  caused  a tactile  deficit  of  short  duration. 
But  unlike  the  par i eto-tempora I disconnection  this  preparation  produced, 
in  addition,  oral  sampling,  inability  to  distinguish  food  from  non-food 
objects  using  visual  cues,  and  emotional  placidity. 

The  data  support  the  hypothesis  that  the  temporal  lobe  is 
involved  in  the  organization  of  the  somatosensory  system  in  a way 
analogous  to  the  function  it  serves  for  vision.  The  transitory  nature 
of  the  tactile  deficit  needs  to  be  investigated. 
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INTRODUCTION 


Part  of  the  renewed  interest  in  the  importance  of  i nter- 
and  i ntrahem i spher i c cortical  pathways  has  centered  around  the  attempt 
to  understand  the  Kluver-Bucy  syndrome,  that  complex  of  behavioral 
changes  that  results  from  bilateral  removal  of  the  temporal  lobe 
structures.  Geschwind  hypothesized  that  the  inability  of  Kluver-Bucy 
monkeys  to  distinguish  food  from  non-food  objects,  so  called  "psychic 
blindness,"  resulted  from  the  disconnection  of  v i sua I -rh i nencepha I ic 
pathways  (1965).  Anatomical  evidence  for  such  an  idea  exists  in  a 
pathway  that  projects  from  striate  cortex  to  the  inferior  temporal 
gyrus  by  way  of  the  cr icumstr i ate  cortical  belt  (Kuypers,  et  a I . . 

1965).  In  support  of  this  theory,  monkeys  with  one  temporal  lobe 
removed  and  section  of  the  forebrain  commissures  showed  the  "psychic 
blindness"  if  visual  information  was  permitted  to  go  only  to  the 
hemisphere  with  the  missing  temporal  lobe  (Downer,  1961). 

With  a series  of  operations  that  removed  al I corti co-cortical 
conned  ions  between  the  occipital  and  temporal  lobes,  Horel  and  Keating 
(1969)  produced  the  inability  to  distinguish  edible  from  inedible  ob- 
jects characteristic  of  the  Kluver-Bucy  syndrome  (Kluver  and  Bucy, 
1937).  The  monkeys  also  showed  the  placidity  that  normally  follows 
bilateral  temporal  lobectomy.  Unlike  the  bitemporal  lobectomy 
animals  the  deficit  of  the  occ i p i to-tempora I disconnection  monkeys 
appeared  to  be  strictly  visual  in  that  the  disconnection  monkeys 


1 


were  able  to  "get  around"  the  deficit  and  successfully  discriminate 
the  food  objects  not  only  by  using  the  oral  investigation  typical  of 
the  bilateral  temporal  lobectomy,  but  also  by  using  tactile  cues,  a 
behavior  not  previously  reporled  to  occur  in  Kluver-Bucy  monkeys. 
Horel  and  Keating  (1969)  reasoned  that  tactile  sampling  was  possible 
because  they  had  selectively  disconnected  occipital  inputs  to  the 
temporal  lobe  structures.  Tactile  connections  with  the  temporal  lobe 
were  left  intact  by  the  disconnection  procedure,  and  tactile  cues 
could  be  utilized  oy  the  monkey  to  evaluate  the  edibility  of  objects 
presented  to  him. 

There  is  other  evidence  of  the  involvement  of  the  temporal 
lobes  in  the  organization  of  tactile  information.  Par i eto-tempora I 
connections  are  somewhat  analogous  to  occ i p i to-tempora I connections. 
The  postcentral  gyrus,  the  primary  cortical  receiving  area  for 
somatosensory  information  sends  projections  to  the  superior  temporal 
gyrus  by  way  of  Brodmann  areas  5 and  7 in  the  posterior  parietal 
lobe  (Jones,  1969;  Ebner;  1963).  Lesions  in  all  of  these  structures 
produce  varying  degrees  and  kinds  of  somatosensory  deficits.  Re- 
tention of  preoperat i ve I y learned  roughness  and  tactile  form  dis- 
criminations is  impaired  by  bilateral  lesions  in  the  temporal  lobe, 
and  relearning  of  these  tasks  is  more  seriously  impaired  by  com- 
bined temporal  and  posterior  parietal  lesions  (Blum,  1951;  Blurn, 

Chow  and  Pribram,  1950).  Tactile  form  and  roughness  discrimination 
deficits  also  result  from  bilateral  lesions  of  Brodmann  parietal 
areas  5 and  7 (Moffett,  Ett linger,  Morton  and  Piercy,  1967)  and 
bilateral  lesions  of  postcentral  gyrus  (Orbach  and  Chow,  1959); 
tactile  form  discrimination  deficits  follow  a unilateral  postcentral 
gyrus  lesion  when  the  animal  is  tested  with  the  contralateral  hand 
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(Kruger  and  Porter,  1958). 

The  present  experiment  proposed  to  test  whether  the  connec- 
tions between  the  parietal  and  temporal  lobe  form  a somatosensory 
system  analogous  in  its  function  to  the  role  that  the  occ i p i to-temporal 
pathways  have  been  demonstrated  to  serve  for  vision.  If  the  somato- 
sensory system  is  analogous,  then  the  disruption  of  cortical 
connections  between  the  postcentral  gyrus  and  the  temporal  lobe  in 
monkeys  should  produce  animals  unable  to  distinguish  edible  from 
inedible  objects  when  they  can  use  only  tactile  cues.  Since  the 
disruption  was  specifically  somatosensory,  it  was  further  expected 
that  this  preparation  would  differ  from  the  Kluver  and  Bucy  and 
Horel  and  Keating  preparations  in  that  the  somatosensory  disconnec- 
tion animals  would  have  no  visual  deficits.  Specifically,  they 
would  have  no  difficulty  selecting  edible  objects  when  they  could 
use  visual  cues. 

The  disconnection  paradigm  has  been  found  to  be  a sensi- 
tive instrument  for  examining  the  functional  relationship  between 
cortical  areas.  In  this  paradigm  lesions  which  by  themselves  will 
not  produce  the  behavioral  deficit  in  question  sever  in  successive 
stages  the  connections  between  two  brain  areas.  A behavioral  change 
resulting  from  the  completed  sequence  of  lesions,  but  not  occurring 
at  any  previous  step,  cannot  be  attributed  either  to  generalized 
surgical  trauma  or  to  the  ablation  of  any  one  brain  area,  but  points 
to  the  disconnection  between  the  two  areas  as  being  responsible  for 
the  resulting  deficit. 

The  ability  to  rule  out  general  postoperative  trauma  permits 
the  examination  of  changes  that  occur  immediately  after  the  operation 
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that  are  normally  masked  by  compensatory  processes  during  the  usual 
recovery  period  that  is  allowed  in  most  experiments  in  order  to 
avoid  the  effects  of  nonspecific  trauma. 


METHOD 


Six  adolescent  male  rhesus  monkeys  (Macaca  mulatta)  were 
used  in  the  experiment.  Four  of  the  subjects  underwent  a series  of 
lesions  designed  to  disconnect  in  successive  stages  the  cortico- 
cortical  pathways  between  the  postcentral  gyrus  and  the  temporal 
lobe  (Figure  l.b).  Homolateral  connections  between  these  two  areas 
by  way  of  Brodmann  areas  5 and  7 have  been  established  in  the  monkey 
(Jones,  1969;  Ebner,  1963).  Heterolateral  connections  between  the 
postcentral  gyrus  and  the  temporal  lobe  are  both  indirect:  SI 

projects  to  contralateral  postcentral  gyrus  (Pandya  and  Kuypers, 

1968),  and  direct:  removal  of  the  entire  parietal  lobe  produces 
degeneration  in  the  contralateral  superior  temporal  gyrus  (Ebner, 

1963). 

On  the  basis  of  this  anatomy,  a par i eto-tempora  I disconnec- 
tion for  fine  tactile  information  coming  from  one  hand  can  be  produced 
by  either  a two-stage  or  three-stage  series  of  lesions  depending  on 
whether  or  not  the  cortical  somatosensory  system  is  completely 
decussated.  The  classical  assumption  has  been  that  unlike  the  eye, 
which  projects  to  both  ipsi lateral  and  contralateral  cortex,  fine 
tactile  information  in  one  hand  is  controlled  completely  by  the  contra- 
lateral hemisphere.  This  view  has  been  generally  supported  by  the 
lack  of  i nterhern  i spher  i c transfer  of  fine  tactile  information  in  the 
absence  of  forebrain  commissures  (Kohn  and  Myers,  1969;  Ebner  and 
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FIGURE  I 


(A)  Schematic  diagram  of  cortical  connections  between  the 
postcentral  gyrus  and  the  temporal  lobe. 

(B)  Sequential  lesions  designed  to  disconnect  the  cortical 

connections  between  the  postcentral  gyrus  and  the  temporal 
lobe:  left  temporal  lobectomy  and  right  postcentral  gyrus 

ablation  destroyed  homolateral  connections.  Forebrain 
commissure  section  removed  remaining  heterolateral  connec- 
tions between  surviving  left  temporal  lobe  and  right  post- 
central  gyrus. 
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Myers,  1962;  Glickstein  and  Sperry,  1960).  In  this  case,  removal  of 
one  temporal  lobe  and  subsequent  section  of  the  corpus  callosum  would 
interrupt  all  par ieto-tempora I connections  for  information  arriving 
over  the  hand  controlled  by  the  hemisphere  with  the  missing  temporal 
lobe.  There  is  some  evidence,  however,  that  the  cortical  somato- 
sensory system  is  not  completely  decussated,  but  that  the  ipsi lateral 
hemisphere  is  normally  involved  or  can  take  over  the  control  of  fine 
tactile  information  from  the  hand  (Kruger  and  Porter,  1958;  Downer, 
1959).  The  results  from  the  first  subject  of  the  present  experiment 
suggested  the  latter  hypothesis  of  bilateral  control  of  tactile 
information,  and  a more  radical  three-stage  disconnection  was  de- 
cided upon  for  the  remaining  subjects:  unilateral  temporal  lobectomy, 

contralateral  postcentral  gyrus  lesion,  and  section  of  the  corpus 
callosum  and  anterior  commissure  (Figure  l.b).  The  temporal  lobectomy 
combined  in  a separate  operation  with  the  contralateral  postcentral 
gyrus  removal  destroyed  all  homolateral  connections  between  primary 
somatosensory  cortex  and  the  temporal  lobe.  Remaining  hetero I atera I 
connections  between  the  surviving  temporal  lobe  and  postcentral  gyrus 
were  removed  by  section  of  the  forebrain  commissures. 

The  temporal  lobectomy  was  carried  out  through  a skull 
opening  along  the  upper  edge  of  the  zygomatic  arch.  To  be  com- 
parable to  lesions  in  other  experiments  producing  Kluver-Bucy 
symptoms  (Kluver  and  Bucy,  1937;  Horel  and  Keating,  1969),  it 
extended  2.0  cm.  posteriorly  from  the  anterior  tip  of  the  middle  tem- 
poral sulcus  and  within  that  area  included  all  of  the  hippocampus, 
amygdala,  and  all  neocortex  including  the  banks  of  the  sulci.  An 
attempt  was  made  to  spare  the  visual  radiations  underlying  the 
superior  temporal  gyrus.  The  temporal  lobectomy  was  always  carried 
out  on  the  hemisphere  contra  I atera I to  the  monkey's  preferred  hand. 
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The  contralateral  postcentral  gyrus  lesion  included  SI  and 
SI  I (Woolsey,  1958),  and  the  superior  parietal  gyrus  approximately 
coincidenl  in  the  macaque  with  Brodmann  areas  3,  1,  2 and  5 (Peele, 
1944).  The  lesion  included  the  banks  of  all  involved  sulci. 

Section  of  the  forebrain  commissures  included  the  entire 
length  of  the  corpus  callosum,  the  hippocampus  commissure  where 
it  lay  subjacent  to  the  callosum,  and  the  anterior  commissure. 

I nterhemi spher ic  transfer  of  tactile  information  across  the  anterior 
commissure  seemed  unlikely  in  view  of  the  removal  of  one  "temporal 
lobe.  However,  section  of  this  commissure  was  included  as  a safe- 
guard against  transfer  by  way  of  possible  spared  medial  tissue  in 
the  temporal  lobe  lesion. 

In  sectioning  of  the  forebrain  commissures  where  re- 
traction of  the  hemisphere  was  necessary  for  visual  monitoring 
of  fhe  commissures,  care  was  taken  to  retract  toward  the  hemis- 
phere that  was  to  receive  the  postcentral  gyrus  lesion.  The 
further  trauma  to  this  hemisphere  produced  by  retraction  was  rel- 
atively unimportant  since  the  arm  controlled  by  this  hemisphere 
was  untestable  following  the  postcentral  gyrus  lesion. 

The  operations  were  carried  out  in  a different  sequence 
for  each  monkey,  according  to  the  following  schedule: 

Subject  K3  Forebrain  commissures  - left  temporal 
lobe  - right  postcentral  gyrus 

Subject  K8  Right  postcentral  gyrus  - forebrain 
commissures  - left  temporal  lobe 

Subject  K10  Right  temporal  lobe  - left  postcentral 
gyrus  - forebrain  commissures 
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Subject  K11  Forebrain  commissures  - right  postcentral 
gyrus  - left  temporal  lobe 

These  four  out  of  a possible  six  orders  of  three  lesions 
allowed  for  control  of  the  effect  of  any  single  or  any  combination 
of  two  lesions. 

To  compare  the  above  disconnection  animals  with  classical 
Kluver-Bucy  preparat i ons,  two  additional  monkeys  received  a two-stage 
bilateral  temporal  lobectomy.  One  of  these  two  subjects  (K12)  re- 
ceived no  interoperative  testing. 

After  the  above  subjects  had  completed  the  formal  schedule 
of  lesions  and  had  shown  complete  recovery  on  both  behavioral  mea- 
sures, several  of  them  underwent  additional  surgery  for  reasons 
explained  in  the  Results.  Subject  K8's  temporal  incision  was  re- 
opened, and  the  lesion  extended  an  additional  5 mm  posteriorly 
into  the  parietal  area  in  a fourth  procedure;  in  a fifth  operation, 
the  inferior  parietal  gyrus  (Brodmann  area  7)  was  removed  on  the 
side  ipsi lateral  to  the  temporal  lobe  lesion.  Subject  K9's  fore- 
brain  commissures  were  sectioned  in  a third  operation  that  followed 
a two-stage  bilateral  temporal  lobectomy.  Subject  K10  received  a 
fourth  operation  that  removed  the  occipital  cortex  contralateral  to 
the  lesioned  temporal  lobe.  This,  along  with  the  previous  temporal 
lobe  lesion  and  corpus  callosum  section,  completed  the  occipito- 
temporal disconnection.  The  above  operations  also  provided  further 
control  for  the  effects  of  generalized  trauma  resulting  from  exten- 
sive surgery. 

Animals  were  operated  on  under  Nembutal  anaesthesia  fol- 
lowing the  usual  aseptic  precautions.  All  lesions  were  produced 
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by  subpiai  aspiration  with  the  aid  of  a dissecting  microscope.  Opera- 
tions on  each  monkey  were  performed  no  sooner  than  ten  days  following 
the  previous  operation,  but  as  soon  after  ten  days  as  the  animal's 
hea I th  all  owed. 

Subjects  were  sacrificed  at  varying  times  following  their 
last  operation.  Verification  of  the  lesions  included  gross  photo- 
graphs of  the  lesions  and  photographs  of  coronal  sections  of  the 
tissue  cut  at  5 mm  intervals.  Selected  areas  of  the  brains  were 
then  further  sectioned  at  30  micron  intervals  and  stained  with 
thionin  for  finer  analysis  of  the  lesions. 

Behavioral  Measures 

All  subjects  were  tested  in  a modified  primate  cage  to 
which  special  trays  could  be  attached  (Figure  2).  The  animals 
were  tested  for  their  ability  to  distinguish  edible  from  inedible 
objects  when  using  only  tactile  cues  on  one  test  and  when  allowed 
visual  cues  on  a second  test.  The  subject  was  allowed  access  to 
the  trays  only  through  two  openings,  one  on  either  side  of  the  cage. 

The  openings  were  placed  so  that  the  monkey  could  reach  the  left 
side  of  the  tray  only  with  his  left  hand  and  the  right  side  with 
his  right  hand.  The  openings  were  covered  by  swinging  doors,  and 
in  this  way  control  for  the  hand  being  tested  could  be  maintained 
without  physically  restraining  the  animal's  arm. 

Visual  test.  - A flat  stimulus  tray  was  attached  to  the 
cage  (Figure  2. a)  and  a transparent  plexiglass  barrier  placed  between 
the  monkey  and  the  tray.  This  allowed  him  to  view  the  objects  but 
prevented  him  from  reaching  them  except  through  the  openings  on  either 
side  of  the  tray. 
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FIGURE  2 

testing  cage  with  opening  on  side  of  tray  controlled 
by  a swinging  door. 

(a)  Flat  stimulus  tray  and  transparent  plexiglass 
barrier  used  on  visual  test. 

(b)  Opaque  barrier  and  tray  with  foodwells  used  on 
tact i I e test. 


The  food  and  non-food  objects  were  one  raisin  and  one  1/4- 
inch  square  steel  nut  presented  simultaneously  on  one  side  of  the 
tray  in  clear  sight  of  the  monkey.  They  were  placed  in  varying 
positions  on  the  tray,  always  separated  by  2-1/2  inches.  Their 
position  relative  to  the  monkey  was  randomized  according  to  a 
modified  Gellerman  series  (Fellows,  1567).  At  the  onset  of  a trial, 
the  opening  to  the  tray  was  uncovered,  and  the  order  and  way  in  which 
the  subject  sampled  the  raisin  and  nut  were  recorded  on  counters. 
Responses  to  the  steel  nut  were  categorized  as  Non-Food  Oral  (NFO) 
if  he  picked  it  up  and  brought  it  to  his  mouth,  or  as  Non-Food  Tact i I 
(NFT)  if  he  picked  it  up  and  dropped  it  without  bringing  it  to  his 
mouth.  A trial  was  considered  to  last  until  S had  eaten  the  raisin. 
His  responses  to  the  steel  nut  were  then  recorded  for  an  additional 
20-second  post-trial  period. 

Tacti i e test.  - A tray  with  four  foodwells,  one  pair  on 
each  side,  was  used  (Figure  2.b).  The  foodwells  were  one  inch  in 
diameter  and  one-half  inch  deep.  The  wells  in  a pair  were  separated 
by  one  inch  from  each  other,  their  centers  set  1-1/2  inches  from 
the  edge  of  the  tray  and  3-1/2  inches  (inside  well)  and  5-1/2  inches 
(outside  well)  from  the  monkey.  An  opaque  masonite  barrier  replaced 
the  plexiglass  barrier  used  in  the  visual  tests  and  concealed  the 
foodwells  from  sight.  The  food  and  non-food  objects  for  this  test 
were  a piece  of  monkey  chow,  1/2- inch  cubed,  and  a 3/4- inch  long 
steel  bolt.  One  object  was  placed  in  each  well,  and  its  position 
was  randomized  according  to  the  same  schedule  used  in  the  visual  tesl 
A non-correction  procedure  was  used.  The  monkey  was  free  to  reach 
around  the  barrier  to  palpate  the  objects  in  the  foodwel Is,  but  was 
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allowed  to  carry  only  one  object  to  where  he  could  see  it  or  bring 
it  to  his  mouth.  At  that  point,  closing  the  door  prevented  him  from 
returning  to  the  tray  and  sampling  the  second  object.  A conserva- 
tive criterion  defined  any  object  carried  beyond  the  edge  of  the 
tray  as  being  within  the  monkey's  line  of  sight. 

When  the  animal  retrieved  the  steel  bolt  rather  than  the 
food,  an  error  was  recorded  and  differentiated  as  to  whether  he 
carried  the  bolt  to  his  mouth  (oral  sampling,  NFO)  or  merely  looked 
at  it  and  dropped  it  (visual  sampling,  NFV). 

At  the  beginning  of  the  tactile  test  each  day  S was  given 
an  adaptation  trial  to  familiarize  him  with  the  position  of  the  two 
foodwells.  A piece  of  monkey  chow  was  placed  in  each  well,  and  the 
monkey  was  allowed  to  retrieve  both  pieces  of  food. 

Each  hand  was  tested  10  trials  per  day  on  both  visual 
and  tactile  tests  for  a total  of  40  trials  in  a daily  testing  ses- 
sion. Animals  were  tested  daily  for  at  least  five  days  preoperativel y 
and  i nteroperativel y,  and  then  until  a 90  per  cent  performance  on  the 
tactile  test  on  two  consecutive  days  was  achieved.  Interoperative 
testing  began  on  the  day  after  the  operation  if  possible,  or  as  soon 
after  surgery  as  the  animal  had  recovered  sufficiently  to  perform 
the  test. 

In  addition  to  these  quantitative  measures,  daily  protocols 
were  kept  recording  changes  in  emotionality,  motor  control,  response 
tendencies  or  any  other  day-to-day  changes  in  behavior. 


RESULTS 


It  was  hypothesized  that  the  temporal  lobe  was  involved 
in  the  organization  of  somatosensory  information  in  a way  analogous 
to  the  role  it  serves  for  vision.  It  was  further  proposed  that  dis- 
ruption of  cort ico-cort ica I connections  between  the  postcentral  gyrus 
and  the  temporal  lobe  would  produce  tactile  deficits.  The  method  of 
producing  this  disconnection  was  to  disrupt  homolateral  connections 
between  the  postcentral  gyrus  and  the  temporal  lobe  by  destroying 
one  temporal  lobe  and  in  a separate  operation  removing  the  contra- 
lateral postcentral  gyrus.  The  remaining  interhemispher ic  connec- 
tions between  the  intact  temporal  lobe  and  postcentral  gyrus  were 
disrupted  by  section  of  the  forebrain  commissures.  It  was  expected 
that  the  most  severe  tactile  deficit  would  occur  following  the 
third  procedure  which  completed  the  disconnection  regardless  of 
the  order  in  which  it  was  done.  The  term  "deficit"  will  be  used 
loosely  to  indicate  any  deviation  from  preoperative  criterion  per- 
formance. Since  each  object  underwent  a different  sequence  of 
lesions,  each  represents  a different  experimental  treatment.  The 
results  will  be  reported  individually. 

Sub ject  K3 

The  results  of  K3's  performance  on  the  tactile  test  fol- 
lowing each  operation  are  shown  in  Figure  3.  It  can  be  seen  that 
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FIGURE  3 


Subject  K3.  Number  of  trials  to  criterion  on  tactile  tests 
preoperative  I y and  following  each  operation:  forebrain 

commissures  (FC),  temporal  lobectomy  (T),  and  postcentral 
gyrus  removal  (P). 


FIGURE  4 


Subject  K8.  Number  of  trials  to  criterion  on  tactile  test 
preoperat i ve I y and  following  each  of  three  operations  in 
par ieto- temporal  disconnection  sequence.  This  subject  was 
also  tested  after  additional  surgery,  which  included  an 
extension  of  the  original  temporal  lobe  lesion  ( ) and 
removal  of  the  inferior  parietal  gyrus  ipsi lateral  to 
the  temporal  lobe  lesion  (IP). 


Trials  to  Criterion  Trials  to  Criterion 
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K3  RIGHT  HAND 


K8  RIGHT  HAND 
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section  of  the  forebrain  commissures  produced  no  disruption  of  his  pre- 
operatively  learned  tactile  task.  When  the  left  temporal  lobectomy 
was  added  to  the  previous  commissure  section,  a number  of  trials 
approximately  equal  to  the  preoperative  learning  score  was  required 
to  reach  criterion  on  the  tactile  test.  Whenever  K3  retrieved  the 
steel  bolt  on  this  test,  he  sampled  it  orally  by  at  least  touching 
it  to  his  lips  and  frequently  putting  it  in  his  mouth.  This  oral 
sampling  persisted  until  the  animal  was  sacrificed. 

After  the  second  operation,  K3  also  became  completely 
unresponsive  to  visual  threats.  Rapid  movements  and  the  approach 
of  the  exper i menter 1 s hand  all  failed  to  evoke  a startle  response. 

In  this,  K3  resembled  the  subjects  with  bilateral  temporal  lobe 
removals  and  differed  from  the  other  par i eto-tempora I disconnection 
animals. 

It  was  originally  expected,  based  on  the  concept  of  a 
decussated  somatosensory  system,  that  these  two  operations  would 
complete  the  parieto  — temporal  disconnection  for  tactile  information 
in  one  hand.  The  model  was  partly  supported  in  that  this  combination 
of  tv/o  lesions  produced  a greater  deficit  than  any  other  combination 
of  tv/o  lesions  performed  on  the  other  par  i eto-tempora  I disconnection 
animals  in  the  experiment. 

When  his  performance  on  the  tactile  test  had  returned  to 
criterion,  a third  lesion,  removal  of  the  right  postcentral  gyrus 
contralateral  to  the  missing  temporal  I obe,  reproduced  the  tactile 
deficit  on  one  hand.  The  other  hand,  the  one  contralateral  to  the 
postcentral  gyrus  lesion,  was  rendered  untestable  and  generally 
unusable  by  this  operation.  In  all  animals  the  postcentral  gyrus 


lesion  caused  total  unresponsiveness  to  tactile  stimuli  on  the  whole 
contralateral  side  of  the  body  that  recovered  partly  after  one  week; 
a contralateral  ataxia  v/hich  showed  very  little  recovery  for  as  long 
the  animals  were  tested  was  also  seen.  Except  as  noted  below  for  K3, 
the  effect  was  always  unilateral  and  nearly  identical  for  all  animals 
It  will  not  be  described  further. 

Immediately  following  the  third  operation  and  for  the 
first  20  days  (200  trials),  K3's  performance  on  the  tactile  test 
was  random;  he  retrieved  the  first  object  that  he  palpated  in  the 
foodwells.  Thereafter,  his  performance  improved  and  returned  to 
criterion  on  the  45th  day.  The  third  operation,  which  produced 
the  most  severe  deficit,  was  on  the  hermisphere  ipsi lateral  to  the 
hand  being  tested,  the  wrong  hemisphere  to  explain  the  effect  as 
a result  of  trauma. 

Whereas  the  combination  of  forebrain  commissure  section 
and  temporal  lobectomy  produced  an  animal  unresponsive  to  visual 
stimuli,  after  the  removal  of  the  postcentral  gyrus  K3  also  became 
unresponsive  or  only  mildly  responsive  to  being  stroked  or  otherwise 
touched  on  either  side  of  his  body.  His  mild  response  was  poorly 
localized  and  consisted  of  only  a general  orientation  to  the  side 
stimu I ated. 

No  abnormalities  on  the  visual  test  were  observed  after 
any  of  the  operations  until  the  20th  day  following  the  third  pro- 
cedure. From  that  time,  K3  evidenced  signs  of  increasing  blindness. 
He  misreached  for  raisins  and  fished  for  objects,  sweeping  his  hand 
back  and  forth  across  the  tray,  picking  up  whatever  he  touched.  By 
the  40th  postoperative  day,  he  failed  to  respond  to  the  objects 
held  in  front  of  his  face.  Visual  following  could  be  induced  only 
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for  moving  objects  presented  at  a distance  greater  than  two  feet. 
Otherwise,  he  remained  active,  maintained  a good  appetite  and  showed 
no  loss  of  motor  control.  His  increasing  debility  seemed  restricted 
to  failing  vision.  This  could  not  be  proven  conclusively,  especially 
in  view  of  the  severe  hydrocephaly  as  evidenced  from  the  enlarged 
ventricles  discovered  on  post-mortem  examination.  However,  during 
the  same  period  that  he  developed  near-complete  blindness,  his  per- 
formance on  the  tactile  task  improved  so  that  by  the  45th  day  he 
had  reached  criterion. 

Sub  feet  K8 

Since  the  largest  tactile  deficit  was  seen  following  the 
postcentral  gyrus  removal  in  K3,  an  animal  (K8)  was  prepared  to 
control  for  the  effects  of  this  lesion  alone  (Figure  4).  Except 
for  the  contralateral  ataxia  and  hypoesthesia  already  noted,  no 
disruption  of  either  visual  or  tactile  task  on  the  tested  right 
hand  or  any  other  behavioral  change  resulted  from  the  right  post- 
central  gyrus  removal  alone  or  when  combined  with  section  of  the 
forebrain  commissures.  The  final  stage  of  the  par ieto-tempora I 
disconnection,  a left  temporal  lobectomy  produced  a tactile  deficit 
equal  to  the  preoperative  learning  score  (when  the  amount  of  deficit 
is  measured  as  the  number  of  trials  to  criterion).  However,  the 
animal's  performance  never  dropped  below  70  per  cent,  and  it  re- 
turned to  criterion  on  the  fifth  day  of  testing. 

To  investigate  if  this  rapid  recovery  were  due  to  an 
incomplete  temporal  lobe  lesion,  a fourth  procedure  extended  the 
original  temporal  lobectomy  5 mm  posteriorly  with  no  effect.  A 
fifth  procedure  removed  on  the  same  side  the  inferior  parietal  gyrus 
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(Brodmann  area  7),  the  parietal  area  of  primary  projection  to  the 
superior  temporal  gyrus  (Jones,  1969),  also  with  very  little  effect. 
Histological  verification  of  the  lesions  (below)  showed  them  to  be 
comparable  in  extent  and  completeness  to  the  ablations  in  the  other 
par ieto-tempora I disconnection  animals.  These  additional  operations 
left  the  question  of  K8's  rapid  recovery  unsolved.  However,  they 
provide  further  argument  against  the  cumulative  effects  of  surgery 
as  the  cause  of  the  tactile  deficits  seen  in  the  study. 

None  of  these  operations  produced  any  visual  deficits  in 
this  animal.  The  monkey  rarely  sampled  the  inedible  object  on  the 
tray,  and  never  in  preference  to  the  raisin.  On  the  tactile  test, 
when  the  steel  bolt  was  retrieved,  K8  did  not  sample  it  orally  but 
threw  it  away  as  soon  as  he  was  able  to  see  it.  There  was  also  no 
change  in  emotional  responsiveness.  He  remained  normally  reponsive 
to  visual  threats  and  to  tactile  stimulation  on  the  side  of  his 
body  ipsi lateral  to  the  postcentral  gyrus  lesion. 

Subject  K1Q 

To  complete  the  controls  for  the  effect  of  any  single 
operation,  K10  first  received  a unilateral  right  temporal  lobectomy, 
the  lesion  which,  as  a third  procedure  in  K8,  produced  the  largest 
effect.  It  produced  in  K10  a tactile  retention  deficit  on  the  left 
hand  which  recovered  with  some  savings  (Figure  5).  An  effect  of 
equal  duration  returned  following  the  second  procedure,  a left 
postcentral  gyrus  ablation.  Again  the  largest  deficit,  approxi- 
mately five  times  the  deficit  occurring  following  the  first 
or  second  operations,  was  produced  by  the  third  stage  of  the 


FIGURE  5 


'Subject  K10.  Number  of  trials  to  criterion  on  tactile  test 
preoperativel y and  following  each  operation  of  parietal- 
temporal  disconnection.  Animal  showed  no  impairment  of 
tactile  performance  following  a fourth  operation,  removal 
of  occipital  lobe  (0)  contralateral  to  the  temporal  lobe 
lesion. 


FIGURE  6 


Subject  K10.  Per  cent  of  responses  to  non-food  objects 
represents  percentage  of  trials  in  which  subject  sampled 
the  steel  nut  prior  to  the  raisin.  Addition  of  tactile 
and  oral  sampling  measures  extent  of  animal's  inability 
to  distinguish  the  edibility  of  the  raisin  from  the  steel 
nut.  Random  performance  (50  per  cent)  indicates  complete 
def ic i t. 


% Responses  to  Non  Food  Objects  Trials  to  Criterion 


23 


K 10  LEFT  HAND 


K 10  LEFT  HAND 


Toctile  Sampling 


Blocks  of  20  Trials 
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disconnection,  a forebrain  commissure  section.  Retraction  of  the 
hemisphere  required  by  this  surgery  was  toward  the  side  ipsi lateral 
to  the  hand  being  tested  and,  therefore,  not  likely  to  traumatize 
control  of  the  tested  hand.  Furthermore,  no  traumatic  effects  from 
commissure  section  in  other  subjects  (K3  and  K8)  were  observed  when 
it  was  carried  out  as  a first  or  second  procedure. 

No  visual  deficits  or  oral  sampling  resulted  from  these 
three  procedures.  A slightly  exaggerated  response  to  visual  threats 
and  tactile  stroking  were  observed  after  the  third  operation. 

After  lie  had  recovered,  KIO's  left  occipital  lobe  contra- 
lateral to  his  already  lesioned  right  temporal  lobe  was  removed  in 
an  attempt  to  compare  the  par i eto-tempora I disconnections  to  the 
occ i p i to-tempora I disconnections  reported  by  Horel  and  Keating  ( 1 9 69) . 
Since  KIO's  corpus  callosum  had  also  been  previously  sectioned,  this 
fourth  procedure  completed  the  occi p i to-tempora I disconnection. 

Prior  to  this,  K10  had  shov/n  no  visual  deficits  (Figure  6).  Fol- 
lowing ablation  of  the  striate  cortex,  his  performance  became 
random  on  the  visual  test  for  the  four  days  that  he  was  tested 
(when  tactile  and  oral  sampling  on  non-food  objects  are  added  to- 
gether in  Figure  6).  He  sampled  whichever  object  was  closest  to 
him.  He  showed  the  persistent  oral  examination  of  objects  about 
his  cage,  including  his  fecal  matter,  observed  in  the  bitemporal 
animals  of  this  study  as  well  as  the  tactile  sampling  of  test  ob- 
jects reported  for  the  occ i p i to-tempora I animals  (Horel  and  Keating, 
1969).  He  became  entirely  placid  and  unafraid  of  visual  stimuli 
after  his  striate  cortex  ablation  and  approached,  sniffed  at  and 
gently  chewed  any  object  presented  to  him.  However,  he  reacted 
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to  tactile  stimuli  with  a normal  startle  response.  There  was  no 
return  of  tactile  deficit  following  his  fourth  operation.  Separable 
tactile  and  visual  disruption  of  his  ability  to  distinguish  food  and 
non-food  objects  was  thus  produced  by  different  anatomical  discon- 
nections. 

Sub  ject  K1 1 

Forebrain  commissure  section  in  this  subject  followed  by 
a right  postcentral  gyrus  lesion  (Figure  7)  completed  the  controls 
for  the  effect  of  any  combination  of  two  operations  in  the  sequence. 

No  effect  on  his  tested  right  hand  resulted  from  the  second  operation 
of  this  combination.  The  third  operation,  a left  temporal  lobectomy, 
produced  the  largest  deficit,  a negative  savings  over  the  preoperative 
score  of  about  80  per  cent.  No  change  in  visual  or  emotional  re- 
sponse was  observed  in  this  subject  following  any  of  these  procedures. 

Sub  ject  KQ  and  K 12 

A second  hypothesis  of  the  experiment  proposed  that  the 
parieto-temporal  disconnections  described  above  would  result  in 
deficits  specific  to  the  somatosensory  system.  Unlike  the  bitemporal 
and  occ i p i to-tempora I preparations,  they  were  expected  to  have  no 
visual  deficits.  Except  for  the  oral  sampling  of  K3,  the  performance 
of  the  disconnection  subjects  described  above  bore  out  this  hypothesis. 

The  less  sensory-specific  bilateral  temporal  lobectomies 
were  hypothesized  to  produce  both  visual  and  tactile  deficits  on  these 
same  measures.  To  test  this,  subjects  K9  and  K12  underwent  two-stage 
bilateral  temporal  lobectomies. 


Trials  to  Criterion 
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K II  RIGHT  HAND 


FIGURE  7 

Subject  K 1 1 . Number  of  trials  to  criterion  on 
tactile  test  preoperativel y and  following  each 
operation. 
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Sub  ject  K9 

This  subject  was  tested  i nteroperat  i ve  I y and  the  unilateral 
lesion  produced  no  deficits  on  either  hand  on  either  task.  His  second 
temporal  removal  produced  both  visual  and  tactile  deficits  (Figures  8 
and  9).  He  sampled  the  inedible  objects  orally  and  tactually  until 
the  sixth  postoperative  day  when  his  oral  sampling  was  entirely  re- 
placed by  tactile  sampling.  Outside  of  the  test  situation,  K9 
continued  the  oral  sampling  of  objects  presented  to  him. 

This  subject  showed  another  response  on  the  visual  test  that 
the  par i eto-tempora I animals  did  not  share.  He  always  removed  both 
objects  from  the  tray  and  then  responded  to  the  empty  tray  by 
placing  his  hand  on  it  or  scratching  it.  He  repeated  this  repeti- 
tious pawing  of  the  tray  as  frequently  as  50  times  a trial.  Kluver 
and  Bucy  (1937)  reported  this  perseverat i ve  response  for  their 
bitemporal  animals. 

On  the  tactile  task,  the  second  operation  produced  a small 
deficit  whose  recovery  to  criterion  was  equal  to  the  preoperative 
score  (Figure  9).  This  subject's  performance  on  the  tactile  test 
differed  from  the  disconnection  animals  in  that  when  he  retrieved 
the  steel  bolt,  he  sampled  it  orally  before  rejecting  it. 

The  bitemporal  removal  produced  fhe  dramatic  emotional 
changes  typically  reported  for  these  preparations.  No  visual  threat 
or  object  could  be  found  which  produced  a fright  response.  When 
the  experimenter  touched  bitemporal  K9  on  the  face  and  hands,  he 
responded  by  orally  examining  the  experimenter's  fingers.  Touching 
him  anywhere  else  on  his  body  produced  at  least  a mild  startle 


% Responses  to  Non  Food  Objects 
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Blocks  of  20  Trials 


FIGURE  8 

Subject  K9.  Percentage  of  trials  in  which 
subject  sampled  the  steel  nut  prior  to  the 
raisin.  Addition  of  tactile  and  oral  sampling 
scores  measures  animal's  inability  to  visually 
determine  the  edibility  of  the  objects. 


Trials  to  Criterion 
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K9  RIGHT  HAND 


FIGURE  9 

Subject  K9.  Number  of  trials  to  criterion  on 
tactile  test  preoperativel y and  following  uni- 
lateral and  bilateral  temporal  lobectomy  and 
section  of  the  forebrain  commissures. 
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and  sometimes  a squeal  of  fright.  This  animal  strongly  resisted 
any  attempt  by  the  experimenter  to  restrain  him. 

Eighteen  days  after  his  second  operation,  K9  had  recovered 
partially  on  the  visual  test,  and  his  oral  sampling  on  this  test  had 
disappeared.  At  this  time,  a section  of  the  forebrain  commissures 
was  carried  out  to  see  if  this  procedure  would  differentiate  the 
hemisphere  responsible  for  the  recovery  by  lateral izing  the  recovery 
to  one  hand.  Instead,  the  temporary  elevation  of  the  visual  deficit 
and  oral  behavior  that  it  produced  was  symmetric  for  both  hands. 

No  further  impairment  of  the  tactile  discrimination  resulted  from 
this  third  operation. 

Sub  ject  K12 

To  examine  whether  testing  between  serial  removals  of  the 
temporal  lobes  was  a factor  in  K9's  rapid  recovery  on  the  tactile 
test,  K12's  temporal  lobes  were  removed  in  two  stages,  but  without 
interoperative  testing.  In  spite  of  this,  the  deficit  on  the  tactile 
test  recovered  as  quickly  as  that  of  K9  (Figure  10).  The  visual 
deficits,  oral  sampling,  and  emotional  changes  were  identical  to 
those  reported  for  K9  with  the  exception  that  recovery  of  all  of 
these  measures  occurred  sooner  than  for  K9  and  in  a much  shorter 
time  than  has  been  reported  for  bitemporal  animals  (Figure  11).  The 
lesions  analyzed  in  more  detail  below  were  more  extensive  than  the 
temporal  lobectomies  (Kltiver  and  Bucy,  1937)  as  well  as  the  temporal 
neocortical  lesions  (Akert,  et  a I . , 1961)  reported  to  have  produced 
these  symptoms.  No  quantitative  measures  of  these  visual  deficits 
following  bitemporal  animals  have  been  reported  prior  to  this  study. 


Trials  to  Criterion 
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K 12  LEFT  HAND 
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K 12  RIGHT  HAND 


Pre-Op  Bi  T 


FIGURE  10 

Subject  K12.  Number  of  trials  to  criterion  on 
tactile  test  preoperativel y and  following  bi- 
lateral temporal  lobectomy  (Bi.T. ).  Performance 
for  each  hand  is  graphed  separately. 
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K 12  LEFT  HAND 


Tactili  Sampling 
o— - -Oral  Sampling 


Blocks  of  20  Trials 

FIGURE  11 

Subject  K12.  Performance  on  visual  test  preoperativel y 
and  following  bilateral  temporal  lobectomy  (Bi.T. ). 

Extent  of  visual  deficit  is  measured  by  the  addition 
of  tactile  and  oral  sampling  scores.  Fifty  per  cent 
sampling  of  non-food  objects  represents  complete  deficit. 
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There  are  verbal  reports  that  the  "psychic  blindness"  and  emotional 
changes  continue  for  many  months  or  even  years  (Kluver  and  Bucy,  1937), 
and  also  reports  of  gradual  recovery  over  an  unspecified  period  of  time 
(Akert,  et  a I . . 1961). 

The  results  for  all  animals  can  be  summarized  as  follows: 

The  hypothesis  that  disconnection  of  postcentral  gyrus  from  the 
temporal  lobe  would  produce  a tactile  deficit  was  supported  to  some 
extent  by  the  four  subjects  undergoing  this  sequence  of  lesions 
(Figure  12).  In  all  four  animals,  the  tactile  effect  following  the 
third  operation  which  completed  the  disconnection  was  greater  than 
the  effect  following  any  single  or  any  combination  of  two  operations. 

In  three  of  the  four  animals,  the  number  of  trials  to  criterion 
following  the  disconnection  was  greater  than  the  preoperative  learning 
score;  in  K8  the  deficit  was  equal  to  the  preoperative  score.  The 
tactile  deficit  was  not  dependent  on  any  one  order  of  lesions,  al- 
though two  additional  sequences  must  be  tried  before  complete 
independence  of  effect  from  order  of  lesions  can  be  established. 
Additional  surgery  beyond  the  disconnection  sequence  in  two  animals 
produced  only  slight  or  no  further  tact ile  deficits. 

In  general,  the  disconnection  animals  did  not  orally  sample 
the  inedible  objects  on  the  tactile  test,  showed  no  deficits  on  the 
visual  test  and  presented  no  changes  in  emotional  responsiveness  to 
visual  or  tactile  stimuli.  The  oral  sampling  and  placidity  of  K3 
was  an  exception  to  this. 

The  two  subjects  with  bilateral  temporal  lobectomies  also 
incurred  tactile  deficits  comparable  to  each  other  and  to  the  smallest 
deficit  produced  in  the  disconnection  sequence  (K8).  In  contrast  to 
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FIGURE  12 

Performance  (trials  to  criterion)  on  the  tactile  test 
combined  for  all  four  disconnection  subjects  preopera- 
tively  and  following  each  stage  of  disconnection  of 
the  postcentral  gyrus  from  the  temporal  lobe.  The 
third  operation  completed  the  disconnection. 
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the  disconnection  subjects,  however,  bitemporal  monkeys  showed  oral 
sampling  of  inedible  objects  on  the  tactile  test  and  were  severaly 
impaired  in  their  ability  to  distinguish  edible  from  inedible  objects 
on  the  visual  test.  In  further  contrast  to  the  disconnection  animals, 
the  bilateral  temporal  lobectomy  produced  a completely  placid  response 
for  visual  stimuli  and  the  persistent  oral  sampling  of  their  environ- 
ment reported  by  others  for  this  preparation.  The  effects  following 
the  second  temporal  lobe  lesion  were  not  spared  by  prior  interoperative 
tra i n i ng. 

Hi sto I oqy 

Photographs  of  the  gross  lesions  are  presented  for  all  animals. 
Photographs  of  30  u.  celloiden  embedded  coronal  sections  stained  with 
thionin  are  shown  for  animal  K3.  Unstained  coronal  sections  of  brain 
cut  at  5 mm  intervals  are  presented  for  the  remaining  animals. 

Frozen  sections  of  these  animals'  brains  cut  at  25j->.  were  also  made 
through  the  region  of  the  anterior  commissure  and  part  of  the  dorsal 
tha I amus. 

K3  (Figure  13) 

Left  temporal  lobe.  - The  lesion  extended  15  - 18  mm 
posteriorly  from  the  anterior  edge  of  the  middle  temporal  sulcus. 

Within  that  area  there  was  complete  destruction  of  neocortex,  in- 
cluding the  banks  of  both  sulci,  and  the  hippocampus.  A small  tag 
of  amygdala  was  spared  (Figure  13. d).  The  tag  of  neocortex  shown  in 
Figures  13. a and  c was  found  to  be  completely  isolated.  Severe 
hydrocephaly  enlarged  the  inferior  horn  of  fhe  left  lateral  ventri- 
cle, separated  the  insula  from  the  claustrum  (Figure  13. d)  and 
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FIGURE  13 


Subject  K3.  Photographs  of  left  temporal  lobectomy 
(a)  and  right  postcentral  gyrus  lesion  (b).  Coronal 
sections  embedded  in  celloidin  and  stained  with  thionin 
(c-f).  Legend:  amy.-amygdal a;  ins. -insula. 
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damaged  the  striatum.  The  tail  of  the  caudate  could  not  be  traced 
and  was  assumed  to  be  destroyed.  A strip  of  cells  along  the  medial 
edge  of  both  lateral  geniculate  bodies  was  degenerated,  but  the 
central  wedge  related  to  foveal  vision  appeared  healthy. 

Forebrain  commissures.  - The  corpus  callosum,  hippocampal 
and  anterior  commissures  were  completely  sectioned.  There  was  a 
slight  invasion  of  the  cingulate  gyrus  and  partial  destruction  of 
the  left  septum  at  the  level  of  the  anterior  commissure. 

Right  postcentral  gyrus.  - Damage  appeared  to  be  complete 
along  the  lateral  surface  of  the  postcentral  gyrus  back  to  the 
anterior  edge  of  the  i ntrapar i eta  I sulcus.  Ihe  upper  bank  of 
the  lateral  fissure  coinciding  with  Sll  was  completely  destroyed. 
Destruction  of  the  superior  parietal  gyrus  (Brodmann  area  5)  was 
no  more  than  50  per  cent  complete,  as  shown  in  Figure  13. b. 

Other  damage  to  the  brain  included  a lesion  along  the  dorsal 
ridge  and  medial  wall  of  the  right  motor  cortex.  It  appeared  to 
be  due  to  pressure  from  cerebrospinal  fluid  from  the  third  ventricle 
trapped  under  the  pia  of  the  right  medial  hemisphere.  The  right 
temporal  lobe  was  also  removed,  but  the  animal  died  on  the  day 
fol lowing  surgery. 

K8  (Figure  14) 

Left  temporal  lobe.  - Posterior  extent  of  the  lesion  was 
18  - 20  mm  and  included  complete  destruction  of  neocortex  and  amygdala. 
A medial  strip  of  hippocampus  was  spared  at  the  level  of  the  lateral 
geniculate  body.  Posterior  to  that,  the  hippocampus  was  completely 
removed  back  to  its  turn  toward  the  midline.  The  tail  of  the  caudate 
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FIGURE  14 

Subject  K8.  Left  temporal  lobe  lesion  and  subsequent  inferior  parietal 
gyrus  lesion  (a);  right  postcentral  gyrus  lesion  (b).  Coronal  sections 
of  unstained  tissure  cut  at  5 mm  intervals.  Legend:  cd. -caudate 

nucleus;  c.f. -central  fissure;  i . p. -i ntrapar ieta I sulcus;  l.f. -lateral 
fissure;  m. t. s.-mi dd I e temporal  sulcus. 
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was  destroyed  immediately  in  back  of  the  amygdala,  but  was  spared 
posterior  to  that  (Figure  14. d). 

Right  postcentral  gyrus.  - The  extent  of  the  lesion  is  shown 
in  Figure  14. b.  Within  that  area  the  involved  banks  of  the  central, 
lateral  and  intraparietal  sulci  were  included. 

Forebrain  commissures.  - The  commissures  were  completely 
cut.  The  left  head  of  the  caudate  and  dorsal  thalamus  sustained 
some  damage  as  did  the  cingulate  gyrus  (Figure  14. c). 

Left  inferior  parietal  lesion.  - The  inferior  parietal  gyrus 
was  completely  destroyed  except  for  some  sparing  in  the  lower  bank 
of  the  intraparietal  sulcus  (Figure  14. a and  f). 

K9  (Figure  12) 

Left  temporal  lobe.  - The  lesion  extended  for  26  mm  posteriorly 
to  the  ventral  edge  of  the  lunate  sulcus  (Figure  15. b).  Neocortex, 
amygdala  and  hippocampus  were  completely  removed  within  that  area. 

The  ta ; I of  the  caudate  was  destroyed  back  to  its  rostral  turn.  The 
insula  was  not  damaged,  although  there  was  slight  invasion  of  the 
basal  ganglia  (Figure  15. d). 

flight  temporal  lobe.  - The  lesion  extended  for  15  mm  posteriorly 
from  the  anterior  edge  of  the  middle  temporal  sulcus.  Neocortex,  amyg- 
dala and  hippocampus  were  completely  destroyed  except  for  a postero- 
medial tag  of  hippocampus  (Figure  15).  The  tail  of  the  caudate  was 
slightly  damaged  at  the  level  of  the  lateral  geniculates,  but  was 
generally  left  intact  for  its  length. 

Forebrain  commissures.  - All  forebrain  commissures  were  com- 
pletely cut.  There  was  si  ight  damage  to  the  head  of  the  left  caudate 
nucleus  and  cingulate  gyrus  (Figure  15. d). 
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FIGURE  15 

Subject  K9.  Lateral  view  of  right  and  left  temporal  lobe  lesions 
(a&b),  and  ventral  view  (c).  Coronal  sections  of  unstained  tissue 
(d-f).  Legend:  cd. -caudate  nucleus;  h i p.-h i ppocampus;  l.f. -lateral 

fissure;  m. t . s. -mi dd I e temporal  sulcus. 


K10  (Figure  16) 


Right  temporal  lobe.  - The  lesion  extended  18  mm  posteriorly 
to  a point  10  mm  anterior  to  the  lunate  sulcus  (Figure  16. a).  There 
was  some  sparing  of  the  depths  of  the  superior  temporal  gyrus 
(Figure  16. c)  and  middle  temporal  sulcus,  and  a small  tag  of  hippo- 
campus was  spared  at  the  level  of  the  lateral  geniculate  body.  The 
tail  of  the  caudate  was  heavily  damaged  and  probably  destroyed  all  the 
way  back  to  its  dorsal  turn. 

Left  postcentral  gyrus.  - SI  I in  the  upper  bank  of  the  lateral 
fissure  was  incompletely  removed  (Figure  16. e).  Destruction  of  the 
superior  parietal  gyrus  was  complete.  Destruction  of  SI  on  the  medial 
wall  extended  posteriorly  5 mm  from  the  postcentral  gyrus  and  ventral ly 
to  and  including  the  upper  bank  of  the  ca I I osomarg i na I sulcus. 

Forebrain  commissures.  - All  the  commissures  were  completely 
sectioned.  The  septum  was  damaged  bilaterally.  There  was  slight 
damage  to  the  right  cingulate  gyrus  and  the  left  post commissura I 
fornix  (Figure  16. d). 

Left  occipital  lobe.  - The  striate  cortex  removal  was  com- 
plete except  for  the  lower  bank  of  the  calcarine  sulcus.  Destruction 
of  the  upper  bank  of  this  sulcus  extended  anteriorly  all  the  way  to 
the  midbra i n. 

K11  (Figure  17) 

Left  temporal  lobe.  - The  lesion  extended  18  mm  posteriorly 
to  a point  along  the  middle  temporal  sulcus  7 mm  anterior  to  the 
ventral  tip  of  the  lunate  sulcus.  The  depth  of  the  superior  temporal 
sulcus  was  spared  for  3 mm  at  the  most  posterior  pari'  of  the  lesion 
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FIGURE  16 

Subject  K10.  Right  temporal  lobe  (a)  and  left  postcentral  gyrus 
lesions  (b).  Unstained  coronal  sections  (c-f).  Legend:  c.f.- 

central  fissure;  h i p . -h i ppocampus;  i . p. - i ntrapar i eta  I sulcus; 
l.f. -lateral  fissure;  m. t. s.-mi dd I e temporal  sulcus. 
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FIGURE  17 


Subject  K 1 1 . Left  temporal  (a)  and  right  postcentral  gyrus  lesions 
(b).  Unstained  coronal  sections  (c-f).  Legend:  cd. -caudate  nucleus; 
c.f. -central  fissure;  hip. -hippocampus;  i . p.- i ntrapar ieta I sulcus; 
l.f. -lateral  fissure. 
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(Figure  17. e).  A rostral  tag  of  hippocampus  extending  back  to  the  lateral 
geniculates  was  spared  (Figure  17. c).  The  hippocampus  was  completely 
destroyed  in  back  of  this  area  to  its  turn  to  the  midline.  The  tail 
of  the  caudate  appeared  completely  destroyed  immediately  in  back  of 
the  amygdala,  but  only  slightly  damaged  posteriorly  through  the  level 
of  the  lateral  geniculates  (Figure  17. d). 

Right  postcentral  gyrus.  - The  posterior  bank  of  the  central 
fissure  and  the  intrapar ietal  fissure  were  destroyed  coextensive 
with  the  surface  area  of  the  lesion  shown  in  Figure  17. b.  Sparing 
in  the  upper  bank  of  the  lateral  fissure  In  Figure  17. d is  probably 
posterior  to  S I I . The  posterior  part  of  the  superior  parietal  gyrus 
v/as  spared. 

Forebrain  commissures.  - The  corpus  callosum,  hippocampal 
commissure,  and  anterior  commissure  were  completely  sectioned.  There 
was  slight  damage  to  the  left  precommissural  fornix  and  cingulate 
gyrus  (Figure  17. d). 

K12  (Figure  18) 

Left  temporal  lobe.  - The  lesion  extended  25  mm  posteriorly 
to  the  edge  of  the  inferior  occipital  sulcus.  The  neocortex  was 
completely  removed  within  that  area.  There  was  sparing  of  the 
amygdala  (Figure  18. c)  as  well  as  a medial  strip  of  hippocampus 
that  runs  the  length  of  the  lesion  (Figures  18. d).  The  rostral  tail 
of  the  caudate  was  incompletely  destroyed.  More  caudal  I y it  appears 
to  have  been  completely  removed.  The  insula  was  not  damaged,  although 
there  was  a slight  invasion  of  the  striatum  (Figure  18. d). 

Right  temporal  lobe.  - The  posterior  extent  of  the  lesion 
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FIGURE  18 

Subject  K12.  Right  and  left  temporal  lobe  lesions  (a  & b). 
Unstained  coronal  sections  (c-f).  Legend:  amy.-amygda I a; 
cd. -caudate  nucleus;  h i p . -h i ppocampus 
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measured  25  mm  back  to  the  inferior  occipital  solcus.  Neocortical 
removal  was  complete.  There  was  some  sparing  of  the  amygdala  (Figure 
18. c)  and  a rostral  tag  of  medial  hippocampus  (Figure  18. d).  The 
tail  of  the  caudate  was  destroyed  except  for  a small  dorsal  strip 
at  the  level  of  the  lateral  geniculates.  The  striatum  was  invaded, 
as  shown  in  Figure  18. d. 


DISCUSS  ION 


The  results  shed  further  light  on  the  oral ity  originally 
described  in  animals  with  both  temporal  lobes  removed.  Kluver 
(1951)  suggested  that  the  oral ity  was  due  to  a change  in  taste 
preference  or  a need  to  supplement  the  animals'  diet  caused  by  a 
disturbance  of  metabolism.  Taste  preference  and  metabolic  changes 
do  result  from  temporal  lobe  lesions  (Weiskrantz,  1960;  Kluver, 

1951;  Pribram  and  Bagshaw,  1953).  Geschwind,  on  the  other  hand, 
hypothesized  that  the  oral ity  resulted  from  a disruption  of 
v i sua I -rh i nencepha I ic  pathways  (1965).  The  animal  used  his  i ntact 
oral  system,  which  presumably  does  not  require  forebrain  circuits 
and  is  not  disrupted  by  temporal  lobe  damage,  to  ascertain  whether 
or  not  the  objects  were  edible.  The  experiment  of  Horel  and  Keating 
(1969)  and  the  present  results  support  to  some  extent  the  latter 
hypothesis  that  the  oral  syndrome  is  an  attempt  by  the  animal  to 
gain  sensory  information  in  the  absence  of  visual  and  tactile  cues. 
In  the  Horel  and  Keating  experiment  visual  but  not  tactile  informa- 
tion was  excluded  from  the  temporal  lobes.  The  animals  sampled  the 
objects  orally,  but  later  learned  to  use  tactile  cues.  In  the 
present  study  an  attempt  was  made  to  remove  tactile  information 
from  the  temporal  lobe  with  only  partly  analogous  results.  There 
was  a temporary  tactile  deficit  following  the  disconnection  which 
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the  animals  were  able  to  "get  around"  by  using  visual  cues.  However, 
the  tactile  effects  were  of  shorter  duration  than  the  visual  deficits 
usually  reported  to  follow  bilateral  temporal  lobectomies.  Rerouting 
of  information  (discussed  below)  between  the  intact  parietal  and 
temporal  lobes  might  possibly  explain  the  transitory  nature  of  the 
deficit  in  these  subjects.  Somewhat  more  disconcerting,  however,  was 
the  fact  that  bilateral  temporal  lobectomies  produced  tactile  de- 
ficits that  were  no  longer  in  duration  than  those  of  the  disconnection 
subjects.  Tactile  deficits  recovered  before  the  visual  effects  pro- 
duced by  the  lesions  in  both  of  these  bitemporal  animals. 

Although  more  transient  than  the  visual  deficits,  the  tactile 
effects  seem  clearly  to  be  caused  by  the  disconnection  of  postcentral 
gyrus  from  the  temporal  lobe.  It  is  hard  to  explain  the  data  by 
any  other  mode  I . 

Based  on  the  anatomy  of  the  cortex  that  has  emerged  in  the 
past  few  years,  it  is  not  surprising  that  the  temporal  lobe  should 
be  involved  in  the  processing  of  tactile  information  in  a way 
similar  to  its  role  in  vision.  Some  studies  have  reported  that  no 
tactile  deficits  result  from  temporal  lobe  lesions  (Pasik,  Pasik, 
Battersby  and  Bender,  1958;  Wilson,  1957),  but  these  negative  re- 
sults primarily  involved  damage  to  the  i nf erotempora I cortex,  and 
neither  study  included  extensive  lesions  with  even  moderate  bilateral 
damage  to  the  superior  temporal  gyrus  or  other  temporal  lobe  struc- 
tures. Furthermore,  these,  like  most  studies  employing  symmetric 
. bilateral  lesions,  may  have  missed  effects  that  immediately  followed 
the  operation,  but  that  had  recovered  by  the  time  the  animal  was  tested. 
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The  disconnection  paradigm  allows  for  analysis  of  such  deficits  by 
controlling  for  the  effects  of  postoperative  trauma. 

Precise  delineation  of  the  pathways  or  critical  substructures 
within  the  lesioned  areas  is  not  possible  from  these  data.  The  damage 
was  too  varied  and  the  number  of  animals  too  few  to  correlate  differ- 
ences of  effect  with  extent  of  damage  to  any  one  or  several  areas. 
Research  since  1937,  generated  by  Kluver  and  Bucy's  description  of 
the  bitemporal  animals,  has  still  not  factored  the  symptoms  and 
clearly  allocated  them  to  differentiable  systems  within  the  temporal 
lobes.  Destruction  of  the  amygdala  is  probably  related  to  the 
placidity  seen  in  bitemporal  animals  (Rosvold,  Mirsky  and  Pribram, 
1954),  although  the  relationship  is  a complex  one  (Goddard,  1964). 

The  temporal  lobe  structures  involved  in  the  inability  to 
discriminate  food  and  non-food  objects  are  even  less  clear.  Neo- 
cortical  lesions  which  produce  visual  pattern  discrimination  deficits 
typically  do  not  produce  "psychic  blindness,"  but  more  extensive 
neocortical  lesions  may  produce  it  (Akert,  Gruesen,  Woolsey  and 
Meyer,  1961),  particularly  if  bilateral  hippocampal  damage  is  in- 
cluded (Mishkin  and  Pribram,  1954).  Amgda I oid-h i ppocampus  lesions 
which  spare  the  temporal  neocortex  reproduce  some  of  the  Kluver-Bucy 
symptoms,  but  not  the  psychic  blindness  (Pribram  and  Bagshaw,  1953). 
Visual  discrimination  deficits  comparable  to  those  resulting  from 
i nf erotempora I lesions  have  resulted  from  stereo-taxic  lesions  in 
the  tail  of  the  caudate  (Divac,  et  a I . . 1967).  This  structure  may 
also  prove  to  be  involved  crucially  in  the  monkey's  inability  to 
distinguish  food  from  non-food  objects. 


Several  possible  explanations  can  be  offered  for  the  recovery 
of  both  visual  and  tactile  deficits  that  took  place  in  these  animals. 

The  hypothesis  of  selective  sensory  disconnections  makes  it 
attractive  to  suppose  that  the  animal  relearned  the  task  using  a 
different  sensory  system  than  the  disconnected  one.  The  non-correction 
method  punished  attempts  to  sample  on  the  basis  of  visual  cues.  Masking 
of  auditory  cues  with  felt  lining  in  the  foodwells  did  not  disrupt  the 
animal's  recovery,  probably  ruling  this  system  out.  Perhaps  kinesthe- 
tic cues  based  on  the  finger  position  around  the  object  or  different 
weights  of  the  objects  are  part  of  a gross  tactile  system  not  affected 
by  the  disconnection  and  may  have  been  used  to  relearn  the  task  (Ruch, 
Fulton  and  German,  1938).  The  critical  parameters  of  the  stimulus 
attended  to  by  the  Kluver-Bucy  monkey  have  never  been  worked  out 
even  for  visual  stimuli.  The  objects  on  the  tactile  test  differed 
in  size,  texture,  weight,  and  form,  and  it  would  be  impossible  to 
specify  the  exact  somatosensory  cue  originally  learned  or  used  to 
recover . 

Recovery  could  also  be  due  to  incomplete  cortical  disconnec- 
tion caused  by  sparing  of  frontal,  parietal,  or,  less  likely,  temporal 
lobe  tissue.  The  temporal  lobe  lesions  on  all  animals  were  as  ex- 
tensive as  previous  bitemporal  lesions  and  occ i p i to-tempora I dis- 
connections producing  Kluver-Bucy  symptoms.  Most  of  the  parietal 
lesions  were  complete  for  SI  and  SI  I.  Hov/ever,  it  is  notoriously 
difficult  to  produce  lasting  tactile  deficits  with  extensive  parietal 
lobe  lesions  (Moffet,  et  a I . , 1967).  Kruger  and  Porter  found  that 
recovery  of  tactile  deficits  occurred  unless  the  ablation  of  pre- 
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centra!  gyrus  was  included  along  with  complete  ablation  of  SI  and  SI  I 
< 1958) . 

Preoperative  overtaining  (Orbach  and  Fantz,  1951),  seriatim 
removals  combined  with  interoperative  training  (Thompson,  1960; 
Kircher,  Braun  and  Meyer,  personal  communication;  Meyer,  Isaac  and 
Mahr,  1958)  and  general  home-cage  exposure  to  the  food  objects  used 
in  the  test  (Chow,  1952'  may  also  have  hastened  this  recovery.  Re- 
routing of  information  from  the  intact  parietal  lobe  to  the  surviving 
temporal  lobe,  perhaps  through  subcortical  pathways,  is  another 
possibility.  Some  reorganization  of  somatomotor  hand  control  in- 
volving ipsi lateral  somatosensory  cortex  was  observed  in  K3.  A 
forebrain  commissure  section  followed  by  a left  temporal  lobectomy 
produced  a tactile  deficit  in  his  right  hand  that  recovered  after 
six  days.  The  deficit  returned  to  his  right  hand  following  a subse- 
quent right  postcentral  gyrus  ablation.  This  one  animal  provides 
limited  support  for  the  thesis  that  somatomotor  control  of  the 
hand  can  be  directed  to  some  extent  by  the  ipsi lateral  hemisphere 
(Sperry,  1968;  Kruger  and  Porter,  1958).  Ipsi lateral  takeover  of 
hand  control  in  the  absence  of  forebrain  commissures  has  also  been 
demonstrated  for  visuomotor  coordination  (Downer,  1959).  The  order 
of  lesions  in  the  other  animals  did  not  allow  for  further  test  of 
this  effect. 

It  seemed  surprising  that  the  bilateral  temporal  animals 
recovered  from  their  tactile  effects  more  quickly  than  the  dis- 
connection monkeys,  although  it  cannot  be  concluded  that  the 
bilateral  temporal  lobectomy  should  necessarily  cause  a more  severe 
deficit  than  the  disconnection  sequence  which  involved  only  one 
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temporal  lobe.  The  relationship  between  unilateral  and  bilateral 
lesions  is  not  a simple  one.  Unilateral  lesions  have  been  shown 
both  to  enhance  performance  of  a discrimination  (Boles  and  Sheridan, 

1969)  and  to  cause  deficits  which  can  be  alleviated  by  subsequent 
contralateral  lesions  (Sprague,  1966).  It  is  more  difficult  to 
explain  why  the  bitemporal  animals  in  the  present  study  recovered 
from  their  oral  tendencies  and  partly  recovered  from  their  inability 
to  distinguish  edible  and  inedible  objects  on  the  formal  visual 
test  in  so  much  shorter  time  than  the  bitemporal  subjects  reported 
by  Kluver  and  Bucy  and  the  occipito-temporal  disconnection  subjects 
of  Horel  and  Keating.  The  present  bitemporal  monkeys  continued 
their  oral  examination  of  objects  outside  the  test  situation  after 
they  had  recovered  on  the  formal  test,  suggesting  that  it  was  the 
test  situation  itself  that  facilitated  the  substitution  of  tactile 
and  visual  cues  in  differentiating  the  edibility  of  objects.  Further 
experiments  will  have  to  elucidate  this  point,  but  the  information 
at  hand  suggests  that  temporal  lobectomy  produces  most  prominently 
a visual  deficit  with  a less  severe  tactile  deficit,  and  the  two 
together  normally  produce  the  transient  oral  syndrome  in  which  oral 
cues  are  used  to  differentiate  edibility. 

The  lack  of  dramatic  emotionality  changes  in  the  parieto- 
temporal preparation  compared  to  bitemporal  and  occipito-temporal 
monkeys  also  needs  more  thorough  investigation.  Gross  tactile 
information,  such  as  results  from  being  stroked  with  the  blunt 
end  of  a pencil,  may  be  controlled  by  anatomical  systems  different 
from  those  controlling  discrimination  of  tactile  patterns  and  not  be  af- 
fected by  cortical  lesions  (Ruch,  Fulton  and  German,  1938).  The  results  of 
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such  a test  ere  riot  analogous  to  the  occ  i p i to-tempora  I ' s placid  re- 
sponse to  visual  stimuli  which  is  tested  by  the  presentation  of 
visual  forms  known  to  be  cortical ly  controlled.  A more  comparable 
somatosensory  test  of  emotionality  changes  might  measure  the  condi- 
tioned emotional  response  to  differentially  reinforced  tactile  patterns. 

The  experiment  attempted  and  partially  succeeded  in  demon- 
strating that  the  temporal  lobe's  involvement  in  the  somatosensory 
and  visual  system  is  to  an  extent  analogous.  The  analogy  is  so 
far  only  very  general.  Many  of  the  somatosensory  measures  used  in 
parietal  lobe  lesion  studies  might  be  used  in  conjunction  with  the 
disconnection  paradigm  to  re-examine  the  temporal  lobe's  somato- 
sensory function.  Further  analogies  with  the  temporal  visual  system 
could  then  be  supported  or  discarded.  It  would  also  be  valuable 
to  extend  the  par i eto-tempora I disconnection  to  whatever  structures, 
e.g.,  precentral  gyrus,  that  are  required  to  produce  more  permanent 
tactile  deficits  and  thus  shed  light  on  the  course  of  recovery  in 
the  present  study. 

Finally,  the  experiment  attached  some  functional  significance 
to  the  i ntra-cort i ca I pathways  between  two  brain  areas.  The  anatomy 
of  the  cortex  suggests  numerous  other  connections  whose  significance 
may  be  similarly  tested;  e.g.,  the  o I f actory-tempora I connections, 
and  the  projections  with  the  frontal  lobes  maintained  by  all  the 
sensory  modalities  represented  in  the  cortex. 


SUMMARY 


The  disruption  of  the  corf ico-corti cal  connections  between 
the  occipital  and  temporal  lobes  has  previously  been  shown  to  produce 
an  inability  to  discriminate  visually  food  from  non-food  objects  that 
is  characteristic  of  the  Kluver-Bucy  syndrome. 

The  present  experiment  proposed  to  test  whether  the  cortico- 
cortical  connections  between  the  parietal  and  temporal  lobe  formed  a 
somatosensory  system  functionally  analogous  to  the  occ i p i to-tempora I 
pathways  of  the  visual  system.  Specifically,  it  was  hypothesized 
that  disconnection  of  the  cortical  pathways  between  the  postcentral 
gyrus  and  the  temporal  lobe  would  produce  an  inability  to  distinguish 
edible  from  inedible  objects  on  the  basis  of  tactile  cues.  Since  the 
disconnection  was  specifically  somatosensory  no  deficits  were  expected 
to  occur  on  a second  test  in  which  the  animal  was  allowed  to  determine 
edibility  using  visual  cues. 

Four  of  the  six  rhesus  monkeys  used  in  the  study  underwent 
a series  of  three  operations  designed  to  disrupt  in  successive  stages 
the  cortical  connections  between  the  postcentral  gyrus  and  the  tempora 
lobe.  Each  of  these  three  subjects  received  the  same  three  lesions 
but  in  different  order:  unilateral  ablation  of  the  postcentral  gyrus, 

contralateral  temporal  lobectomy,  and  section  of  the  forebrain  commis- 
sures. in  all  four  animals  this  par i eto-temporal  disconnection  pro- 
duced a temporary  inability  to  distinguish  a piece  of  monkey  chow 
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from  a steel  bolt  using  tactile  cues.  The  design  of  the  experiment 
prevents  explaining  the  deficit  as  a result  of  generalized  surgical 
trauma,  or  the  effects  of  any  single,  or  any  two  operations,  but 
points  to  the  disconnection  between  the  postcentral  gyrus  and  the 
temporal  lobe  as  being  responsible  for  the  deficit.  The  parielo- 
temporal  disconnection  in  general  did  not  produce  visual  deficits 
or  changes  in  emotional  responsiveness. 

To  compare  the  par i eto-tempora I disconnection  to  a less 
modality  — specific  interruption  of  temporal  lobe  structures 
bilateral  temporal  lobectomies  were  carried  out  in  two- control  sub- 
jects. This  bilateral  lesion  also  caused  a tactile  deficit  of  short 
duration.  But  unlike  the  par i eto-tempora I disconnection  this  pre- 
pa  rat  ion  produced  in  addition,  ora  I samp  I ing,  inabil ity  to  d i s— 
tinguish  food  from  non-food  objects  using  visual  cues,  and  emotional 
placidity. 

The  data  support  the  hypothesis  that  the  temporal  lobe 
is  involved  in  the  organization  of  the  somatosensory  system  in  a 
way  analogous  to  the  function  it  serves  for  vision.  The  transitory 
nature  of  the  tactile  deficit  needs  to  be  investigated. 


APPENDIX 


Number  of  trial 

s to  criterion  on  tactile  test 

preoperativel y 

and  foi 1 

owing  each  operal 

'ion.  Legend:  Preop  - preoperative  testing; 

FC  - forebrain  commisure 

section;  P - postcentral  gyrus 

ab 1 at  ion; 

T - temporal  lobectomy;  1 

P - inferior  parietal  gyrus  ab  1 

lation;  0 - 

occ i p ita 

1 lobectomy;  R - 

right;  and  L-  left;  BIT  - Bitemporal  lobectomy 

Animal 

Lesion 

Hand 

Trials 

K3 

Preop 

R 

50 

FC 

0 

LT 

50 

RP 

430 

K8 

Preop 

R 

40 

RP 

0 

FC 

0 

LT 

40 

LT  (extended) 

0 

IP 

10 

K 10 

Preop 

L 

25 

RT 

20 

LP 

20 

FC 

100 

0 

0 

K 1 1 

Preop 

R 

30 

FC 

10 

RP 

0 

LT 

50 

K9 

Preop 

L 

30 

LT 

0 

RT 

30 

FC 

0 

56 


Animal 

K9 

K12 


Lesion  Hand  T r ia I s 


Preop 

R 

30 

L.T 

0 

RT 

25 

FC 

0 

Preop 

L 

20 

BiT 

30 

Preop 

R 

20 

BiT 

20 

BIBL IOGRAPHY 


Akert,  K.,  Gruesen,  R. A.,  Woolsey,  C.N.,  and  Meyer,  D.R.  "Kluver- 
Bucy  snydrome  in  monkeys  with  neocortical  ablations  of 
temporal  lobe,"  Bra i n , 84(1961),  480-498. 

Blum,  J.S.  "Cortical  organization  in  somesthesis;  effects  of 

lesions  in  posterior  association  cortex  on  somatosensory 
f unct ion  i n FL_  mu  I atta, " Comp.  Psych.  Monog. , 20(1951), 
219-249. 

Blum,  J.S.,  Chow,  K.L.,  and  Pribram,  K.H.  "A  behavioral  analysis 
of  the  organization  of  the  par i eto-temporo-preocc i p i ta I 
cortex,"  J.  Comp.  Neurol.,  93(1950),  53-100. 

Boles,  T.J.  and  Sheridan,  C.L.  "Enhanced  pattern  discrimination 
learning  following  unilateral  damage  to  posterior  cortex 
in  rats,"  Psychonomic  Science,  16(1969),  273-274. 

Chow,  K.L.  "Conditions  influencing  the  recovery  of  visual  dis- 
crimination habits  in  monkeys  following  temporal  neo- 
cortica!  ablations,"  J.  Comp,  Physiol.  Psych.,  45(1952), 
430-437. 

Divac,  I.,  Rosvold,  H.E.,  and  Szwarcbart,  M.K.  "Behavioral  effects 
of  selective  ablation  of  the  caudate  nucleus,"  J ■ Comp . 

Phys i o I . Psych , , 63(1967)  184-190. 

Downer,  J.L.  de  C.  "Changes  in  visually  guided  behavior  following 

sagittal  division  of  the  optic  chiasrn  and  corpus  cal  losum  in 
monkey  (Macaca  mu  I atta),"  Bra i n,  82(1959),  251-259. 

Downer,  J.L.  de  C.  "Changes  in  visual  gnostic  functions  and  emotional 
behavior  fol  lowing  uni  lateral  temporal  lobe  damage  in  "spl  i l" 
brain"  monkeys,"  Nature,  191(1961),  50. 

Ebner,  F.  "Parietal  lobe  connections  in  monkey,"  Anat.  Record, 
145(1963),  225. 

Ebner,  F.  and  Myers,  R.E.  "Direct  and  transco I I osa I induction  cf 
touch  memories  in  the  monkey,"  Sc i ence , 138(1962),  51-52. 

Fellows,  B. J.  "Chance  stimulus  sequences  for  discrimination  tasks," 
Psych.  Bui  I . , 67(1967),  87-92. 


Geschwind,  N.  "Disconnexion  syndromes  in  animals  and  monkeys," 
Brain,  88(1965),  237-294. 

Glickstein,  M.  and  Sperry,  R.W.  "intermanual  somesthetic  transfer 
in  split-brain  rhesus  monkeys,"  J.  Comp,  Physiol.  Psych., 
53(1960),  322-327. 

Goddard,  G.V.  "Functions  of  the  amygdala,"  Psych.  Bull.,  62(1964), 
89-109. 

Horel,  J.A.  and  Keating,  E.G.  "Partial  Kluver-Bucy  syndrome  pro- 
duced by  cortical  disconnection,"  Brain  Research,  16(1969), 
281-284. 

Jones,  E.  G.  "Interrelationships  of  par i eto-tempora I and  frontal 
cortex,"  Brain  Research,  13(1969),  412-415. 

Kircher,  K.,  Braun,  J.J.,  Meyer,  D.R.,  and  Meyer,  P.M.  "Equivalence 
of  simultaneous  and  successive  neocortical  ablations  on 
black  and  white  habit  in  rats,"  Personal  Communication. 

Kluver,  H.  "Functional  differences  between  occipital  and  temporal 
lobes,"  In  Jeffress,  L.  Cerebral  Mechanisms  in  Behavior: 

The  Plixon  Symposium  (New  York,  John  Wiley  & Sons,  1951), 

147-199. 

Kluver,  H.  and  Bucy,  P.C.  "Psychic  blindness  and  other  symptoms 

following  bilateral  temporal  lobectomy  in  rhesus  monkeys," 
Arn,  J,  Phys  iol  . , 119(1937),  352-353 

Kohn,  B.  and  Myers,  R. E.  "Visual  information  and  intermanual 
transfer  of  latch  box  problem  solving  in  monkeys  with 
commissures  sectioned,"  Fxp . Neuro I . , 23(1969),  303-309. 

Kruger,  L.  and  Porter,  P.  "A  behavioral  study  of  functions  of 
the  Rolondic  cortex  in  the  monkey,"  J.  Comp.  Neurol . , 
109(1958;,  439-469. 

Kuypers,  H.G.J.M.,  Szwarcbart,  M. , Mishkin  M.,  and  Rosvold,  H.E. 

"Occ i p i to-tempora I cort i co-cort i ca I connections  in  the 
rhesus  monkey,"  Exp . Neuro I . , 11(1965),  245-262. 

Meyer,  D.R.,  Isaac,  W. , and  Mahr,  B.  "The  role  of  stimulation  in 
spontaneous  reorganization  of  visual  habits,"  J.  Comp. 

Phys iol.  Psych. , 51(1958),  546-548. 

Mi  stik  i n,  M.  and  Pribram,  K.H.  "Visual  discrimination  performance 
following  partial  ablations  of  the  temporal  lobe:  I. 

ventral  vs.  lateral,"  J.  Cornp.  Physiol.  Psych.,  47(1954), 
14-20. 


60 


Moffett,  A.,  Ett linger,  G.,  Morton,  H.B.,  and  Piercy,  M.F.  "Tactile 
discrimination  performance  in  the  monkey.  The  effect  of 
ablation  of  various  subdivisions  of  posterior  parietal  coriex, 
Cortex.  3(1967),  59-96. 

Orbach,  J.  and  Chow,  K.L.  "Differential  effects  of  resection  of 
somatic  areas  I and  II  in  monkeys,"  J , Neurophys i oj . , 

22(1959),  195-203. 

Orbach,  J,  and  Fantz,  R.L.  "Differential  effects  of  neocorlical 
resections  on  overtained  and  non-overt ra i ned  visual 
habits  in  monkeys,"  J.  Comp.  Physiol.  Psych.,  51(1958), 

126-129. 

Pandya,  D.N.  and  Vignolo,  L . A.  " I nterhemi spher i c neocortical 

projections  of  somatosensory  areas  I and  II  in  the  rhesus 
monkey,"  Brain  Research,  7(1968),  300-303. 

Pasik,  T. , Pasik,  P. , Battersby,  W.S.,  and  Bender,  M.B.  '.'Visual 
and  tactual  discrimination  by  Macaques  with  serial  tem- 
poral and  parietal  lesions."  J.  Cornp.  Physiol. Psych. , 

51(1958),  427-436. 

Pee  I e,  T.L.  "Acute  and  chronic  parietal  lobe  ablations  in  monkeys," 

J.  Neurophys iol . , 7(1944),  269-285. 

Pribram,  K.H.  and  Bagshaw,  M.  "Further  analysis  of  temporal  lobe 

syndrome  utilizing  f ronto-tempora I ablations,"  Comp_. 

Neuro I . , 99(1953),  347-357. 

Rosvold,  H.E.,  Mirsky,  A.F.,  and  Pribram,  K.H.  "Influence  of 

amygda  I ectomy  on  social  behavior  in  monkeys,"  J_. Comp.. 

Phys iol.  Psych . , 47(1954),  1/3-178. 

Ruch,  T.C.,  Fulton,  J.F.,  and  German,  W. J.  "Sensory  discrimination 
in  monkey,  chimpanzee,  and  man  after  lesions  of  pariefal 
lobe,"  Arch.  Neurol,  and  Psychiat.,  39(1938),  919-938. 

Sperry,  R.W.  "Hemisphere  deconnection  and  unity  in  conscious 
awareness,"  Arner . Psycho  I . , 23(1968),  Z23-/53. 

Sprague,  J.M.  "Interaction  of  cortex  and  superior  colliculus 
in  med i at i on  of  visual ly  guided  behavior  in  the  cat, 

Science.  153(1966),  1544-1547. 

Thompson,  R.  "Retention  of  a brightness  d i scr i mi nat i on . fo I I owi ng 

neocortical  damage  in  the  rat,"  J.  Comp. Phys  ipjt. — Psyche 

53(1960),  212-215. 

Weiskrantz,  L.  "Effects  of  medial  temporal  lesions  on  taste  pre- 
ference," Nature,  187(1960),  879. 

Wilson,  M.  "Effects  of  circumscribed  cortical  lesions  upon  somesthetic 
and  visual  discrimination  in  the  monkey,"  J.  Comp.  Physiol.. 
Psych . , 50(1957),  630-635). 


61 


Woolsey,  C.N.  "Organization  of  somatic  sensory  and  motor  areas  of 

the  cerebral  cortex,"  In  Harlow,  H.W.  and  Woolsey,  C.N.  (eds.) 
Biological  and  Biochemical  Basis  of  Behavior  (University  of 
Wisconsin  Press,  1958),  63-81. 


BIOGRAPHICAL  SKETCH 


Edward  Gregory  Keating  was  born  on  December  2,  1942,  in 
New  York  City.  He  attended  grammar  school  there  and  in  California, 
and  graduated  from  high  school  in  Baltimore,  Maryland.  He  graduated 
from  St.  Paul's  College,  Washington,  D.C.,  with  a Bachelor  of  Arts 
degree  in  1965.  After  graduation  he  enrolled  at  Columbia  University 
for  one  academic  year  in  order  to  supplement  his  undergraduate  back- 
ground in  Psychology.  In  1966  Mr.  Keating  was  admitted  to  the 
graduate  studies  program  of  the  University  of  Florida.  He  received 
his  degree  of  Doctor  of  Philosophy  with  a major  in  Physi logical 
Psychology  in  1970. 


62 


This  dissertation  was  prepared  under  the  direction  of  the 
chairman  of  the  candidate's  supervisory  committee  and  has  been  ap- 
proved by  all  members  of  that  committee.  It  was  submitted  to  the 
Dean  of  the  College  of  Arts  and  Sciences  and  to  the  Graduate  Council, 
and  was  approved  as  partial  fulfillment  of  the  requirements  for  the 
degree  of  Doctor  of  Philosophy. 

August,  1970 


Dean,  Graduate  School 


Supervisory  Committee: 


